ABSTRACT. The objective was to evaluate the effects of initial weedy periods on the weed community and on the productivity of direct seeded and transplanted table beet cropping systems. A field trial was conducted at São Paulo State University, Brazil, in a randomized complete block design using a 2 x 13 factorial scheme. Direct seeding and seedling transplanting methods were evaluated within thirteen increasing weekly weedy periods. Weed relative importance was calculated and weed density and weed dry matter accumulation data were analyzed by nonlinear regression as well as beet yield and stand, which were submitted to analysis of variance. Amaranthus viridis, Coronopus didymus, Cyperus rotundus, Digitaria nuda, Galinsoga parviflora and Nicandra physaloides were the most important weeds found, with special reference to C. didymus. Weed dry matter accumulation was greater in the direct seeded crop, although weed density was higher in the transplanted crop. Transplanted beet yield was greater than of direct seeded beet in the weed-free treatment during the whole crop cycle. Crop-weed coexistence could remain for four and seven weeks after seeding/transplanting in direct seeded and in transplanted beet, respectively, before reducing yield economically. Thus, direct seeded crop was more susceptible to weed interference than the transplanted one.
Introduction
Table beet crop (Beta vulgaris) has gained importance during the last ten years in Brazil. However, beet root production is negatively influenced by weed community in coexistence, affecting crop yield, growth and development. Period of crop-weed coexistence is probably the main factor that influences the degree of interference among them.
There is a period in which weeds may be in coexistence with the crop without any negative influence, since weed interference is not yet established (PITELLI, 1985) . The knowledge of this period is essential in order to establish weed control strategies (MESCHEDE et al., 2004) .
There are a few ways to increase the initial period without weed interference (PITELLI, 1985) .
Acta Scientiarum. Agronomy Maringá, v. 32, n. 4, p. [709] [710] [711] [712] [713] [714] 2010 Cultural crop management is the best approach to control weeds, providing competitive advantage to crops at the expense of weed communities. As a result, the period without interference is enhanced. Production systems in table beet crop are either in direct seed or transplanted from a nursery to the production area. However, the transplanting method may provide faster beet plant growth and better crop stand, and so it may be used as a tool for weed control (SILVA et al., 1999) .
The objective of this research was to evaluate the effects of increasing initial weedy periods on weed community and on direct seeded and transplanted table beet productivity. of urea and potassium chloride, respectively. This application was shared into three equal amounts over 15, 30 and 45 days after planting. Lime and fertilizers were applied manually over the ground and their incorporation into soil was done firstly by disc harrow just before crop planting. Supplementary mineral fertilizers were incorporated by irrigation water.
Material and methods

A
The experiment was set up in a randomized complete block design, on a 2 x 13 factorial scheme with three replicates. Two planting methods and thirteen weedy periods (including a weed-free treatment) were evaluated. The treatments were determined by increasing week of initial weedy after planting date, considering both direct sowing and transplanting methods until harvesting. . The experimental plots measured 1.20 m length and 1.00 m width, but it was considered the center of the plot, 1.00 m 2 , for evaluation. After the seeding/transplanting and throughout the season, the experiment was irrigated by sprinkler system.
At each increased week after planting (WAP), except the first, a sample of 0.5 x 0.5 m of the weed community was harvested for biomass measuring and the rest of the plot was kept weed-free by handweeding, according to the treatments.
Sampled weed community was separated into species, counting number of individuals per species and determining dry matter accumulation per species after being dried in an air convention oven at 60 o C for 96 hours. The density and dry matter data were estimated for plant and gram per square meter, respectively, and they were submitted to regression analysis.
Additionally, the relative importance of the weed species within the weed community was calculated according to the methodology used by Carvalho et al. (2008a and b) .
The beet roots were harvested at 13 WAP, when 90% of the roots in the weed-free treatment showed transversal diameter equal or greater than 5 cm. Roots were harvested in the two center rows of the plots. After harvesting, the roots were counted to estimate the beet stand and were also weighted to determine the crop yield. Then, root yield data were estimated for ton per hectare and subjected to sigmoid regression analysis. The stand and root yield data were converted to square to be also analyzed by F and Tukey tests (p < 0.05).
In addition, table beet root yield losses were estimated based on regression equation reached by the sigmoid model. This makes it possible to determine the time frame of the initial period without weed interference and to evaluate the percentage of losses as a function of the initial weedy period.
Results and discussion
The weed community was composed mainly by Amaranthus viridis (AMAVI), Coronopus didymus (COPDI), Cyperus rotundus (CYPRO), Digitaria nuda (DIGNU), Galinsoga parviflora (GASPA) and Nicandra physaloides (NICPH), although other species were observed as well. These species were Acta Scientiarum. Agronomy Maringá, v. 32, n. (DEUBER et al., 2004; HORTA et al., 2004) . It may be due probably to the most common autumn-winter growing season of these annual broadleaved weeds. The main species might be identified as ruderal weeds because they showed early emergence, short life cycle, quick and profuse diaspore production and great resources allocation in reproductive structures (RADOSEVICH et al., 2007) . For these reasons, ruderal plants are able to colonize quickly the ground and compete efficiently with crops. Horticultural agroecosystems are suitable to ruderal weed growing due to intense soil exploitation, great soil movement, high fertilization rates, low water unavailability and no-uniformity of area occupation (RADOSEVICH et al., 2007) . These characteristics allow weeds become greater issue in vegetable crops than field crops, whether not properly managed.
C. didymus was the most relatively important weed in both direct seeded and transplanted table beet crops (Table 1) . However, this species was more important in direct seeded than in transplanted crops, showing greater density and dry matter accumulation. C. didymus is a small and typical winter plant (KISSMANN; GROTH, 1999), which was not able to grow after July during three-year investigations at 21 º 18'14"S and 48 º 26'44"W (Monte Alto -neighboring city of Jaboticabal) (PITELLI, 1985) . Therefore, early soil shading provided by transplanted beet (HORTA et al., 2004) may quickly suppress C. didymus growth, which is not able to cross beet canopy to be in contact with light, restraining photosynthetic rate. That may be why this species was more important in direct seeded crop. Figure  1 ). The main weeds emerged at the first flush and other less important weeds emerged at the second flush, in both planting methods.
No-uniformity in germination flush is a characteristic of pioneer plants, also designed ruderals (RADOSEVICH et al., 2007) . Weeds that emerge early in the season are more capable of becoming dominant (RADOSEVICH et al., 2007) and the most effective to colonize and to infest agroecosystems, providing higher interference. The weed density was reducing constantly after 9 th WAP in both direct seeded and transplanted table beet crops (Figure 1 ), but the dry matter was greatly accumulated over this period (Figure 2) . So, intra-and inter-specific competition was increased when the density and the development of the weed community was augmented; as a result, the tallest and the most developed plants became dominant, suppressing and even killing the smaller and the less developed ones (RADOSEVICH et al., 2007) .
Transplanted beet reduced weed dry matter accumulation a little more than direct seeded beet, although weed density was higher. On the other hand, the weed density late in the season was low due to plant competition in both planting methods. Horta et al. (2004) observed greater suppression of the weed community by transplanted beet in relation to direct seeded one and they affirmed that this behavior might be attributed to faster growth and soil surface shading reached by transplanted crop. Table beet root yield was greater in transplanted than in direct seeded crop when weeds were handweeded throughout the growing season, despite the beet stand had been similar (Table 2 ). It showed that stand was not the issue, in this case, and transplanted beet was more productive than direct seeded beet. On the other hand, Horta et al. (2004) verified that their yields were significantly similar, as was beet stand. Horta et al. (2001) and Guimarães et al. (2002) observed that transplanting method did not significantly increase beet yield. So, in theory, Filgueira (2005) affirmed that greater beet roots can be produced when beet crop is transplanted, so that it could explain the results of this investigation. (-) 32.02 a (-) 70.00 b (-) 86.67 a 9 11.82 b (-) 19.78 a (-) 70.00 a (-) 78.33 a 10 1.62 b (-) 17.06 a (-) 38.33 b (-) 75.00 a (-) 11 0.82 b (-) 21.14 a (-) 36.67 b (-) 73.33 a (-) 12 1.83 b (-) 13.57 a (-) 38.33 b (-) 66.67 a (-) 13 1.76 b (-) 15.39 a (-) 35.00 b (-) 71.67 a (-) 1 direct sowing; 2 transplanting; *Means followed by the same letter between columns are not different by Tukey test (p < 0.05); Means followed by (-) are different to weed-free treatment (0 WIW) by Tukey test (p < 0.05)
The root yield the beet stand were strongly reduced by weeds and a drastic reduction occurred after the 8 th WAP (Table 2 and Table 3 ), mainly in direct seeded table beet. Coincidently, a second flush of weed emergence (Figure 1 ) and a fast dry mass accumulation (Figure 2 ) happened around this period. Weed interference becomes high when beet stand is reduced (DAWSON, 1977) to the extent that the success in vegetable crop production and the optimum yields may be accomplished only when maximum stand establishment is achieved (GRASSBAUGH; BENETT, 1998) . This is probably the reason why high yield losses were observed when table beet was direct seeded (Table 3) . Direct seeded table beet was highly susceptible to weed interference, especially when weeds occurred throughout the growing season, reducing crop yield by almost 100% (Table 3) . Weed interference reduced beet root yield more than 80% (HEWSON; ROBERTS, 1973; SCHWEIZER, 1981; SCOTT et al., 1979) , attaining 100% yield losses (HORTA et al., 2004; KAVALIAUSKAITĖ; BOBINAS, 2006) , when direct seeded crop and weeds coexisted until harvesting. On the other hand, transplanted beet yield was less reduced, around 57% (Table 3) . However, Horta et al. (2004) observed over 90% of transplanted beet yield reduction. In their investigation, these authors verified high weed infestation and great weed community dry matter accumulation just before 3 rd WAP, while it occurred only after 8 th WAP in this investigation. Therefore, weeds growing quickly early in the season may suppress crop intensively, restraining plant growing even in transplanted table beet.
Crop-weeds coexistence in transplanted beet was allowed for more prolonged period since planting than in direct seeded crop before weed interference might be established, providing yield reduction (Figure 3) , corroborating the results from Horta et al. (2004) . Although the weed density had been higher in transplanted than in direct seeded beet (Figure 1) matter accumulation had been almost the same in both (Figure 2 ), the transplanted crop restrained properly the weed interference. This might be a result of the earlier soil surface shading attained by transplanted crop, providing greater initial period without interference than direct seeded crop (Figure 3 ). In theory, the weed community could be left growing in coexistence with transplanted beet crop up to the 6 th WAP without yield reduction, while direct seeded beet crop would not be negatively affected by the weed interference up to the 2 nd WAP (Table 3) . Horta et al. (2004) observed that the weed community could grow in coexistence with beet plants up to just before 3 rd week after seeding and up to just after 4 th week after transplanting. This period is driven by environmental and crop management conditions (PITELLI, 1985) , in addition to specific weed community composition, weed density and weed distribution.
Accepting around 5% yield loss of table beet roots (KAVALIAUSKAITĖ; BOBINAS, 2006), the initial period without weed interference should be 4 th and 7 th WAP for direct seeded and transplanted table beets, respectively. The limiting date of this period shows the time that weed interference irreversibly reduces economic crop yield and determines the benchmark for the first weed control. So, the energy and the biomass accumulated by weed communities can return into the soil, contributing to crop development (PITELLI, 1985) . Thus, the knowledge of this period may also give support to optimize weed control, decreasing the cost of managing weeds.
Conclusion
Transplanted table beet was more effective in restraining weed interference than the direct seeded one, so that crop-weeds coexistence could remain for longer period after planting without reducing crop yield when crop was transplanted. Thus, direct seeded crop was more susceptible to weed interference than the transplanted one.
